Adverse early-life experiences, including various forms of earlylife stress, have consistently been linked with vulnerability to cognitive and emotional disorders later in life. Understanding the mechanisms underlying the enduring consequences of early-life stress is an active area of research, because this knowledge is critical for developing potential interventions. Animal models of early-life stress typically rely on manipulating maternal/parental presence and care, because these are the major sources of early-life experiences in humans. Diverse models have been created, and have resulted in a wealth of behavioral outcomes. Here we focus on recent findings highlighting early-life stress-induced behavioral disturbances, ranging from hippocampus-dependent memory deficits to problems with experiencing pleasure (anhedonia). The use of naturalistic animal models of chronic early-life stress provides insight into the spectrum of cognitive and emotional outcomes and enables probing the underlying mechanisms using molecular-, cellular-, and network-level approaches.
Introduction
Mental illnesses and cognitive disorders commence predominantly early in life [1, 2] , suggesting the need to explore events early on that predispose and contribute to disease onset. Epidemiological data indicate that various forms of early-life stress in humans can have life-long impacts, ranging from memory deficits and poor executive functioning [3] [4] [5] to more explicitly stress-related disorders such as depression, anxiety, and post-traumatic stress disorders [6] [7] [8] [9] [10] [11] . Adverse early-life conditions, including poverty, loss of a parent, substance abuse by the mother or maternal depression, are consistently associated with vulnerability to various psychopathologies later in life [12] [13] [14] [15] . Understanding the mechanisms for the enduring consequences of early-life stress on brain function has been an active area of neuroscience research, as this knowledge is critical for identifying clinically plausible therapeutic strategies. This review will focus on the behavioral outcomes of early-life stress, with a particular emphasis on new findings emerging within the past few years, and conclude with a unifying theory for how these profound changes may occur.
What is early-life stress?
The type and severity of the perturbations that cause early-life stress seem to govern its consequences. In humans, chronic early-life stress has both physical and emotional components, but the emotional aspects are dominant. Among the most influential studies of the effects of early-life stress are those of institutionally raised children, where chronic impoverished care was associated with cognitive and emotional problems [4, 16] . Notably, the associated consequences were partially reversed by fostering, thus highlighting the importance of early-life care per se [4, [16] [17] [18] [19] . In large part, human early-life stress stems from abnormal patterns of maternal care, ranging from neglect to inconsistency and lack of sensitivity [18, [20] [21] [22] . In order to study early-life stress, animal models have aimed to recapitulate these conditions by manipulating maternal interactions with offspring.
Modeling early-life stress
In mammals, including humans, monkeys and rodents, maternal input has perhaps the most significant influence on the environment experienced during development [20, [22] [23] [24] [25] . Thus, most animal models of early-life stress have manipulated maternal interaction, disrupting either the quantity or quality of maternal care early in life (see
] for recent reviews). Non-human primates, whose brains and sociality most closely resemble those of humans, have provided useful insights into the development of complex psychiatric disorders. The seminal work of Harlow and co-workers using maternally-isolated rhesus monkeys as a model was the first to demonstrate that maternal-infant interactions are required for normal cognitive and emotional development [23, 28, 29] . More recently, using a model of maternal maltreatment in rhesus monkeys, Sanchez and co-workers suggested that this adverse early-life experience affects the
